The complex anatomical structure of an intact leaf results in a distribution o f photosynthetically active energy between photosynthetic pigm ents which is different from that observed in isolated chloroplasts. The variance is due mainly to scattering at the gas-liquid interface between cells and intercellular space which tends to increase light absorption by the long wavelength absorbing pigments through secondary fluorescence. Evidence is given in support of an active use of this feature by the higher plant to regulate energy flow at the photophysical level of light absorption.
Introduction
The com plex system o f le af structure has been viewed so far only as a m eans to achieve an op tim al balance betw een transpiration, resp iratio n and d istribution o f nutrients and products in relatio n to photosynthetic capacity. Little em phasis has been placed on the logical consequence, th at this balance is a dynam ic one being in constant need for a d ju st ment.
Since photosynthesis is a key factor for th e m a in tenance o f overall m etabolic stability it can be assum ed, that the chloroplast is the m ain lever for the pertinent regulatory m echanism s. A variety o f such systems are known, ranging from those acting at the pigm ent level (e.g. red istrib u tio n th ro u g h spillover and dissipation by fluorescence) to those influencing the Blackm ann reaction th ro u g h m odulation o f gas exchange.
Investigations o f regulatory features at th e p ig m ent level have so far used isolated chloroplasts as experim ental system and resulted in a coherent m odel o f interactions betw een several pig m en t sys tems [1] . Key p ara m ete r in m any o f these ex p eri ments was the m easurem ent o f the fluorescence energy em itted at 77 °K from the various p igm en t species m aking up the different pigm ent com plexes.
The interpretation o f these results to the in vivo situation tacitly assum es th a t the organ izatio n o f Supported by a grant o f the Deutsche Forschungsgemein schaft.
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0341-0382/83/0700-0600 $01.30/0 chloroplasts w ithin the living le af and the structural features o f this plant-organ itself are o f no or only m inor consequence for the proposed functioning o f the pigm ent-level regulation. A lthough experim ents concerning the conform ational change o f plastids in vivo [2] ap p eared to b ear o u t this conclusion, it rem ains still a disp u tab le notion.
It seemed, therefore, w arran ted to investigate the possible p articip atio n o f le a f structure on the energy distribution o f absorbed light. The results are reported in the follow ing sections.
Materials and Methods
Leaves o f 6 week old tobacco plants, grown in the greenhouse, w ere used for the fluorescence m ea surem ents w ith o u t fu rth er processing. T h eir ch lo ro phyll content, given per unit area, was determ in ed according to A m o n [3] .
W hole chloroplasts w ere prepared using the m ethod o f N ak atan i and B arber [4] , T he isolation m edium contained 0.33 m sucrose, 0. The fluorescence spectra were determ in ed at room tem p eratu re using th e instrum ental setup described earlier [5] . T he le a f was illum inated w ith the aid o f one arm o f a double arm fiber optic, the fluorescence was taken at 360° from the excitation using the other. C hloroplast suspensions w ere p u t into a petri-dish. The illum ination and fluorescence m easurem ents were m ade through its bottom using the sam e setup.
Excitation was betw een 475 -500 nm w ith an intensity o f 1 mW x cm -2. T he fluorescence was scanned between 6 6 0 -7 6 0 nm. T he resulting spectra were corrected against filter tailing, m onochrom atoraberrations and photo m u ltip lier sensitivity using appropriate blanc-sam ples and ca lib ratio n curves. The standard deviation, determ ined in series experi ments using 10 pieces o f individual tobacco leaves, was 7%.
Results
A com parison o f the fluorescence em ission spec trum o f a whole leaf section and th a t o f a chloro plast suspension, adjusted to the sam e chlorophyll content per illum inated area and the sam e th ick ness, shows a considerable am ount o f em ission in the long wavelength region for the form er w hile its fluorescence band around 690 nm is appreciab ly lower (Fig. 1) . The area under the curves, a m easure o f the total am ount o f energy em itted, is a p p ro x i mately equal. Obviously, a shift o f em ission from the pigm ent systems takes place d ue to structural features o f the leaf itself.
Starting with the hypothesis, th a t this observation rests basically on the phenom enon o f secondary (Fig-4) . 
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The experim ental results confirm thus the close relation betw een the em ission ratio and the stru c ture o f the leaf.
To strengthen this conclusion, leaves o f 41 plan t species o f the G öttingen botanical garden, belong ing to 5 different fam ilies and taken at random , w here checked accordingly. T he presence o f u n i form anatom ical features w ithin a fam ily was assessed before-hand w ith m icroscopic techniques. (Table) and are in line w ith this reasoning.
The d ata are the starting point for the hypothesis that a change in le af structure, presum ably a shift in the extend o f interface scattering due to stom atal regulation and leaf-w ater content, m ay influence photosynthetic m etabolism . T he results o f Fig. 6 support such a feature. T he em ission ratio taken throughout the day varies in m uch the sam e m an n er as the photosynthetic activity in the experim ents o f Lange [6, 7] ,
Discussion
The existence o f a sizeable long w avelength em is sion at room te m p eratu re in w hole leaves as co m pared to its very low intensity in isolated ch lo ro plasts reflects prim arily the responsibility o f second ary fluorescence for the form er. T he experim ental findings are congruent w ith d ata by Virgin [8] , w ho used chloroplast soaked glass-wool as experim ental model. T hey u n d erlin e the fact, th a t the com plexity o f leaf-structure, esp. the physical p aram eters scattering, diffraction, refraction d ue to th e exis tence o f cell organelles, cell walls and gas-filled intercellular spaces, has to be included in assessing the energy d istrib u tio n w ithin the p hotosynthetic pigm ent system o f higher plants. T he d istortion o f spectral intensities co m p ared to the isolated plastids is in the o rd er o f m ag n itu d e o f those observed by M u rata at 77 °K [9] . It should how ever be rem em bered, th a t in the latter case an artificial system (isolated chloroplasts, ad d itio n o f ions, low tem perature) has been used and th at the in te rp re ta tion o f its causes and its relevance to the in vivo situation is radically different.
The notion, th a t le af anatom y influences the energy d istrib u tio n w ithin the p h otosynthetic apparatus, is by itself n eith er new (e.g. [ 10] ) nor particularly interesting. It gains, how ever, in im portance if a link can be established betw een energy d istribution and photosynthesis w hich is actively altered according to m etabolic d em and th ro u g h subtle changes in le af anatom y. C ircum stantial evidence has been forw arded in this paper, w hich is in concordance w ith d ata rep o rted by B jörkm an [11] and L ichtenthaler [12] on sun-and shade leaves. However, m ore experim ental w ork is clearly w arranted to establish this point.
